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Abstract

With the recent introduction of remimazolam into conscious sedation for
dentistry there is a natural interest in the possibility of other drugs suitable for
sedation in dentistry. This review explores the drug dexmedetomidine, an
alpha adrenoceptor agonist first approved for use in the intensive care unit
for short term sedation on intubated patients. It has sedative, analgesic,
anxiolytic and antihypertensive properties. Interest was first sparked in
dexmedetomidine as it was merited for having minimal impact on respiration,
in comparison to midazolam which causes respiratory depression. This
review explores the literature of the pharmacodynamic and pharmacokinetic
properties, followed by evaluation of the five available randomised control
trials in the literature that compare midazolam with dexmedetomidine for
procedural sedation in dentistry. Overall, although dexmedetomidine seems
to be associated with improved patient satisfaction and operator satisfaction
with patients more relaxed during treatment, the limitations of being unable to
use this drug as an operator sedation technique and the potential significant
cardiovascular changes mean that dexmedetomidine is unlikely to ever

become a drug of choice for intravenous conscious sedation in dentistry.



Dexmedetomidine (Precedex®) is an alpha (o) adrenoceptor agonist, which
is highly selective for a2 receptors, with an a2:a.1 selectivity ratio of 1620:1.
Alpha 2 adrenoceptors have sympatholytic properties, and the receptors are
present both centrally and peripherally. Activation of a2 receptors inhibit
adenylyl cyclase, ultimately suppressing ascending noradrenaline pathways.
Through this action it has sedative, analgesic, anxiolytic and antihypertensive
effects. The drug was first approved for use in the intensive care unit (ICU)
for short term sedation on intubated patients by the Food and Drug
Administration (FDA) in the United States in 1999, but since 2008 has been

licenced for procedural sedation.

Pharmacokinetics

Dexmedetomidine is only licenced for

intravenous use. It is highly soluble in

water and requires dilution in water for

injection by the sedationist. If taken </

orally, it undergoes extensive first pass N

H

Fig.1 Chemical Structure of Dexmedetomidine
from Wikimedia Commons, free media
repository

metabolism, with a subsequent 16%
drug bioavailability.! It crosses mucous
membranes well, and there has been
development of multiple off-licence applications with intranasal sprays via a
mucosal atomiser device, buccal gel preparations and sublingual sprays. The
bioavailability following administration onto the oral mucosa and nasal

membranes has been shown to be 83% and 65% respectively.!



Pharmacokinetic studies have demonstrated wide variability between
patients (Table 1). When administered intravenously it has a rapid initial
distribution half-life (a-half-life) of six minutes. ! The speed of onset is
approximately 5 minutes, with peak effects at 15 minutes. 94% of the drug
binds to plasma proteins such as albumin, comparable to 97% protein
binding of midazolam. The drug is highly lipophilic and as such has a high
volume of distribution of approximately 118 litres (L). This has been shown to
be highly variable between patients particularly those in the ICU, from 79.3 to

389L.2

It is metabolised in the liver via glucuronidation and hydroxylation via the
P450 cytochrome family of enzymes. It has an average elimination half-life
(B-half-life) of two to two and a half hours. It does not produce any active
metabolites and is mainly excreted via the kidneys, with 90% of the initial
dose excreted as non-active metabolites in urine. The remaining 10% is
excreted in the faeces. Recovery can vary depending on the length of
infusion and there is conflicting evidence in the literature in terms of
recovery. A randomised control trial comparing midazolam to
dexmedetomidine for third molar surgery in the dental setting found that all
patients were clinically fit for discharge within 30 minutes, comparable to
midazolam.® However, there had been reports of delayed recovery in studies
in the dental setting with dexmedetomidine. One study providing oral surgery
procedures for patients reports an average recovery of 82.2 minutes, and the
shortest recovery of 57.9 minutes with a procedure length of 45 minutes.
Variable recovery was also observed with a standard deviation of 24.3

minutes.* It appears that there is high individual variability in recovery of



patients, due to variable elimination half-lives. This may be explained by the
factors in Table 1.

Pharmacodynamics

Sedation and anxiolysis

a2 receptors are located throughout the body, therefore the effects of
dexmedetomidine are wide ranging. Dexmedetomidine has sedative effects
by activation of pre and post synaptic a2 in the locus coeruleus in the brain.
This nucleus in the brainstem is involved in the sleep cycle and is completely
inactive in rapid eye movement sleep. This mechanism is thought to make
sedation with dexmedetomidine close to natural sleep, but patients are still
easily rousable with verbal stimuli.®> Multiple studies have recorded similar
bispectral index scores (BIS) which monitor the depth of sedation recorded at
between approximately 80 to 85 at optimal sedation for procedural
sedation.®® This is consistent with values expected for light to moderate
sedation.” Sedative effects are dose dependent, with rousable sedation
associated with a plasma concentration of approximately 0.2 to 0.3 ng/ml
and deep, unrousable sedation at plasma concentrations above 1.9 ng/ ml.®
Dexmedetomidine has anxiolytic properties, which will be discussed in the

context of comparison to midazolam in the dental setting later.

Analgesia

a2 receptors are activated centrally and in the spinal cord. Activation
suppresses pain transmission both via reduction of action potential firing
along peripheral A delta and C fibres, and inhibition of pre-synaptic receptors

in the spinal cord, thus reducing pain signals to the brain. Multiple studies



have demonstrated the analgesic properties of dexmedetomidine, and
analgesic applications have been used in the preoperative, intra operative
and post operative period. In the ICU setting dexmedetomidine is useful to
reduce the overall dose of opioids that patients require, reducing recovery
time.® Healthy volunteers in a randomised control trial had 30% less pain to a
cold test than placebo drug.® Patients having third molar surgery with
preoperative intranasal dexmedetomidine had significantly reduced post

operative pain compared to the local anaesthetic alone group.*°

Effects on cardiovascular system

Through inhibition of the sympathetic nervous system, the drug has effects
on the cardiovascular system, which can result in bradycardias and
hypotension. a2 adrenergic agonists have an interesting biphasic
haemodynamic effect on the cardiovascular system with initial hypertension,

followed by return to baseline and then hypotension.

A study of healthy volunteers given increasing doses of dexmedetomidine
showed a dose-dependent relationship with blood pressure. Following the
initial IV bolus hypertension was observed with the highest two doses (1.0 pg
/ kg, 2.0 ug / kg), with a return to baseline on average seven minutes post
the start of the sedation, followed by hypotension. All doses resulted in a
reduction in blood pressure, which was at its maximum 60 minutes post
sedation commencement. The highest dose at 2.0 ug / kg was associated
with the largest subsequent blood pressure fall. Overall, mean arterial blood

pressure was significantly reduced in all dose groups.!' This biphasic



response is thought to be due to initial vasoconstriction in the peripheral
vasculature, followed by initiation of central and peripheral a2 receptors
inhibiting the sympathetic nervous system, resulting in reduced systemic
vasculature resistance. The study found reduced plasma concentrations of
adrenaline and noradrenaline which may explain the prolonged hypotension

seen in the participants.

In the same study, as blood pressure increases at the start of in the infusion,
a dose-dependent fall in heart rate also occurred, with the largest fall from 59
beats per minute (bpm), to 43 bpm in the 2.0 ug / kg dose group, presumably
due to activation of the baroreceptor reflex. Heart rate increases after the
initial dip, as blood pressure decreases, but participants remain bradycardic
throughout infusion. Likewise cardiac output was significantly reduced during
the initial infusion. In addition, there were four electrocardiogram (ECG)
changes in the highest dose group, although none required any clinical

treatment.

Given the cardiac changes seen with infusion of dexmedetomidine, the
British National Formulary recommends monitoring of cardiac function. *?
Although this is not specific in terms of the monitoring required, ECG
monitoring and pre, intra and post operative blood pressure measures would
be sensible. Dexmedetomidine is contraindicated in patients with pre-existing
bradycardia such as those with a beta blocker induced bradycardia and

patients with known hypotension.



Effects on airway and respiratory depression
As the major disadvantage of midazolam is that of respiratory depression, an
agent that produces comparable sedation, but less respiratory depression

would be an excellent alternative.

Initially dexmedetomidine was merited for having minimal impact on
respiration and the risk of airway collapse. Much of this initial data was based
on a double blinded randomised control trial in 1992 with 37 healthy males
who were administered intravenous infusions of dexmedetomidine, at
increasing doses.*® Ventilation was monitored alongside inspired and expired
oxygen and carbon dioxide concentrations throughout. The study concludes
that no patients significantly desaturated (<90% SpO?2), there was only mild
hypercarbia and only mild decreases in ventilation. However, this was dose
dependent. At the two highest doses seven out of ten subjects (2.0 ng / kg)
and five out of six subjects (1.0 ug / kg) had transient obstructive apnoeas
immediately after infusion. Dose dependent effects on tidal volume were
demonstrated, with a large decrease in tidal volume immediately following
the initial infusion. In addition, at the two higher doses, 67% of patients fell
asleep. This was determined if patients were unrousable by normal voice
command, and as such the ability to ask patients to take deep breaths to
simply overcome the transient apnoeas may be more troublesome. It should
be noted that a limitation of this study is that the subjects were all fit and
healthy, with no underlying respiratory conditions and the results cannot be

extrapolated to the general population.



A 2019 non-blinded randomised control trial cross over study with nine
healthy volunteers assessed airway collapsibility and respiratory depression,
comparing dexmedetomidine and propofol infusions.* All participants were
given infusions of dexmedetomidine to induce sedation at a BIS mean of 74
for light sedation and 57 for moderate sedation. Oxygen saturations did not
decrease below 96% at any time during any infusion. The data of interest for
the application of procedural sedation is that of lower infusions inducing a
light sedation. This study used a methodology to assess upper airway
collapsibility, by assessing the pharyngeal pressure required to keep it open
or closed.'® There was a large variation in pharyngeal critical pressures. A
value above 0 cm indicates upper airway obstruction at atmospheric
pressure. For the low infusion with dexmedetomidine this varied from -15 cm
to 2.3 cm, with an average of -2.0 cm, compared to -15 cm to 1.5 cm with an
average of 0.9 cm with propofol. Three participants in the dexmedetomidine
group had central apnoeic episodes during the initial bolus infusion, as in the
1992 study. However it is difficult to make definitive conclusions with small
sample sizes in these non-clinical settings. There have been studies using
dexmedetomidine for procedural sedation in dentistry and analysis of the
effects on the airway and respiratory drive. A study comparing midazolam
and dexmedetomidine for implant surgery observed a lower average mean
Sp02 in the midazolam group but no significant difference between the two
groups.® A similar study in day case maxillofacial surgery found comparable
Sp02 between midazolam and dexmedetomidine groups throughout

induction, surgery and recovery.®



Amnesia

Dexmedetomidine has been associated with less post operative delirium, as
well as little amnesia compared to midazolam.® In addition in the ICU setting
patients have fewer problems with memory and improved cognitive function,

compared to propofol.®

Monitoring, precautions, and contraindications

Due to the cardiovascular changes during infusion, the Precedex® safety
data sheet recommends continuous ECG, blood pressure and oxygen
saturation monitoring throughout treatment.'’ The drug is contraindicated in
patients with pre-existing bradycardias, known hypotension, hypovolaemic
patients and those with advanced heart block. One of the most serious
adverse effects with dexmedetomidine is cardiac arrest, due to progression
of the bradycardia to pulseless electrical activity and there are numerous
case reports in the literature. These are mostly associated with patients over
the age of 50 with known heart block or left ventricular dysfunction. 81920
Caution should be exercised in those with impaired hepatic function,
impaired renal function and those aged over 65, with reduction of the loading
and maintenance dose. Radioactive labelling studies show that
dexmedetomidine crosses the placenta, but as with most drugs there is no
evidence on the effects on the unborn foetus and the manufacturer
recommends avoiding unless there is no suitable alternative.

Dexmedetomidine can cause corneal dryness, nausea, and vomiting.



Table 1 Patient factors to be considered with dexmedetomidine,

effects and action to take

Patient factor

Increased body weight

Hypoalbuminaemia (often

seen in ICU patients)

Increased age

Chronic hypertension

Hepatic impairment

Effects on patient

Longer recovery

Delayed recovery,
decreased protein
binding and
metabolism

More likely to have
cardiovascular events
Delayed recovery.

More likely to have
adverse cardiovascular
events

Delayed recovery,
decreased protein
binding and
metabolism

Alterations /
considerations
when using
dexmedetomidine
Be aware for
potential for longer
recovery

Be aware for
potential for longer
recovery

Those aged > 65
years consider
reducing loading
dose and
maintenance dose
Ensure blood
pressure is well
controlled prior to
using drug for
procedural sedation
Consider dose
reduction for those
with hepatic
impairment

Summary of pharmacodynamic and pharmacokinetic properties
Table 2 summarises the pharmacodynamic and pharmacokinetic properties,
compared to the ideal intravenous sedation agent alongside those of

midazolam and propofol.
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Property

Pharmacokinetics — how the body
affects the drug and ideal sedative

properties
Method of Non painful,
Induction soluble in

Speed of onset
(Initial
Distribution)
Metabolism

Titration
Speed of change

of sedation
Reversibility

Recovery

agueous solution
Rapid

Rapid, no active
metabolites

Easy
Rapid

Reversible

Rapid. Short
redistribution
(alpha) half-life.
Short elimination
(beta) half-life

midazolam

Non-irritant to veins,
soluble in agueous
solution

Rapid (~3 to 4 minutes)

Active metabolite (alpha
hydroxymidazolam) but
shorter half-life than
midazolam. Rapid
metabolism in the liver
via cytochrome P450.
Easy (5 mg/5 ml)

Rapid, slower in elderly

Yes, flumazenil

Alpha: 15 to 30
minutes?!

Beta: 2 to 4 hours
(escort required, with
post op supervision for
eight hours)

Drug
propofol

Painful in small veins. Insoluble
in water. Can add lidocaine

Very rapid

Very rapid

Requires constant infusion
Very rapid

No reversal agent

Alpha: 2-4 minutes?!
Beta: ~ 1-3 hours

dexmedetomidine
(Precedex®)

Non-irritant, soluble in
agueous solution

Rapid (~5-6 minutes)

Rapid, metabolised in the
liver via cytochrome P450
and glucuronidation, no
active metabolites.

Initial loading dose, and
continuous infusion
Rapid, slower in elderly

No reversal agent.
Reversal agent in
veterinary medicine:
atipamezole

Alpha: 6 minutes®
Beta: ~ 2 hours
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Pharmacodynamics — how the drug
affects the body and ideal sedative

properties

Effects on None
cardiorespiratory
system
Anxiolysis Excellent. More

anxiolysis than

sedation
Analgesia Yes
Amnesia Usually desired
Potency Weak
Systemic None
Toxicity

Other

Shelf Life Long

Cost (BNF NHS
indicative cost)

midazolam

Respiratory depression.
Monitoring required

Generally good, some
patients may require a
second drug such as an
opioid

Nil

Yes

2.5 times more potent
than diazepam

None when used in
conscious sedation

Stable and long shelf life
~ 36 months
£1.35 per ampoule (5

mg)

propofol

Respiratory depression and
hypotension

Yes. Margin between sedation
and anaesthesia small. Care
required to not enter
anaesthesia

Nil

Less than midazolam

Highly potent

Low

Stable and long shelf life ~ 2
years

£5.50 for 50 ml infusion pump
(20mg/ml)

dexmedetomidine

Biphasic effect on blood
pressure, initial
hypertension for first 10
minutes, followed by
hypotension for remainder
of infusion. Bradycardia
throughout infusion, with
biggest fall in initial 10
minutes.

ECG changes.

Conflicting evidence
regarding airway collapse
and respiratory depression
Good anxiolysis. Sedation
like natural sleep

Yes

Less than midazolam, less
delirium post operatively
Highly potent

Low

Stable and long shelf life ~
36 months

£31.25 for 400 mcg / 4 ml
infusion vial
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Use in the intensive care unit (ICU) and medicine

The first licenced application of dexmedetomidine was approved in 1999 by the FDA
for short term sedation (<24 hours) and analgesia for mechanically ventilated
patients in the ICU. Two large scale randomised, double-blinded clinical trials were
set up across Europe from 2007 — 2010 to evaluate dexmedetomidine versus
midazolam (MIDEX) and dexmedetomidine versus propofol (PRODEX) for light to
moderate sedation in the intensive care setting. The results showed that
dexmedetomidine was not inferior to either midazolam or propofol. In the MIDEX
study the duration of mechanical ventilation was significantly shorter with
dexmedetomidine compared to midazolam, and although shorter in the PRODEX
study this was not statistically significant. The median ICU length stay was shorter
for dexmedetomidine, but not statistically significant. Nurses evaluated patient
cooperation, pain communication and arousal to be better with dexmedetomidine. In
addition, post extubation neurocognition was evaluated. In the PRODEX trial patients
received treatment for agitation, anxiety and delirium less frequently with
dexmedetomidine compared to propofol. There was no difference in the MIDEX
trial.?>23 Although cost effectiveness analysis did not form part of the trial it could be
postulated that dexmedetomidine may be more cost effective in comparison to
midazolam with a shorter ICU stay, and in comparison to propofol with less treatment

required for post extubation anxiety and delirium.

The FDA expanded the licence for dexmedetomidine to non-intubated patients
requiring procedural sedation in 2008. There has been use of dexmedetomidine
across multiple medical and surgical specialities including the Emergency

Department, endoscopy, paediatrics, ophthalmic surgery, urology, anaesthetics for

13



awake fibre optic intubation, radiology and general surgery. Application in endoscopy
may be particularly useful, where traditionally midazolam and an opioid such as
fentanyl are used. These drugs when combined can result in significant respiratory
depression and resulted in a higher number of deaths than expected in the 2004
report of the National Confidential Enquiry into Patient Outcome and Death, making
recommendations to the practice of sedation in endoscopy.?* Given that
dexmedetomidine has analgesic properties with opioid sparing effects, it may be a
highly suitable alternative for this patient group. A randomised control trial comparing
midazolam with dexmedetomidine for upper gastrointestinal endoscopy found
significantly higher mean oxygen saturations, better patient satisfaction and higher

quality sedation.®

A recent licence has been added in 2022 for acute agitation in bipolar and
schizophrenic disorders by sublingual preparation (Igalmi®), following excellent

results in double-blinded randomised control trials.?®

Use in dentistry

Midazolam has been the unrivalled intravenous single drug of choice for conscious
sedation in dentistry, therefore dexmedetomidine has been compared to midazolam
in randomised control trials in dentistry for conscious sedation. Following a literature
search, Table 3 displays and compares the results of the five studies available in the
literature comparing intravenous midazolam to intravenous dexmedetomidine in

adult populations for dental procedures under conscious sedation.
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Table 3 Randomised control trials in adults comparing intravenous DEX and MDZ in Patient Satisfaction Clinician Sedation
dentistry Satisfaction
Author, Year Procedure n MDZ dose DEX dose ASA, age Scale Result Scale Resu | Scale Result
(years) It
Wang et al. Implant 60 | LD: 0.05 mg/kg, CI LD: 1.0 yg/kg, | I, 11, >18 NRS, 0-10 | NSD NRS, 0-10 | NSD | OOAS (5-1) | {DEX
2020%*16 surgery 0.04 — 0.2 mg/kg Cl0.2-0.7
Hg/kg
Cheung et al. MTM 60 | Up to 5mg, to SEP Upto 1.0 I, 11,18 - 50 NRS, 0-10 | NSD NRS, 0-10 | NSD | RSS (3+) NSD
2007*%7 removal ug/kg to SEP
Fan etal. Oral 60 | LD: 0.005 mg/kg/min, | LD: 0.1 l,1I,>18 VAS, 0-10 | DEX OOAS (5-1) | {DEX
20133 Surgery Cl1 0.01 mg/kg/h to pg/kg/min, Cl
BIS 80 0.2 ug/kg/h to
BIS 80
Ustiin et al. MTM 20 | 0.4 mg/kg/hr 4.0 ug/kg/h I, 11, 17-28 VAS, 0-10 DEX Co- DEX | RSS NSD
2006*+28 removal operation
scale
Mishra et al. Oral 60 | LD: 0.08 mg/kg LD: 1 pg/kg, I, 11,18 — 65 Binary DEX RSS NSD
2016*2° Surgery weight, CI: 0.05 Cl: 0.5 pg/kg/h (YIN)
mg/kg/h
Analgesia Cognition Safety Profile Number of Complications
Author, Year Scale Result Scale Result Oxygen RR BP HR MDZ DEX
Saturations
Wang et al. VAS, 0-10 | DEX Post op T MDz NSD IDEX | NSD | JDEX | Similarincidences of tiredness, headache,
2020*16 Delirium and nausea. No SAE
Cheungetal. | NRS,0-10 | NSD Amnesia | T MDz {MDZ (during NSD | JDEX | {DEX | 4 supplemental | 6 supplemental 02
2007*% infusion) {DEX 02, 1 patient
(during surgery) paradoxical

reaction

Similar profile of nausea, vomit, headaches
Fan et al LA dose NSD _ NSD NSD | IDEX | I{DEX | No SAE. Recovery within 30 minutes both
2013*® groups
Ustiin et al VAS, 0-10 | NSD Amnesia | T MDz NSD NSD | IDEX | {DEX | No SAE
2006**28
Mishra et al. Amnesia | T MDZ \ DEX (during NSD | IDEX | {DEX | 2 patients 2 episodes of
2016*?° surgery) agitated bradycardia (HR<50)

behaviour

Table 3 Key. MDZ (Midazolam), DEX (Dexmedetomidine), MTM (Mandibular Third Molar) LD (Loading dose), ClI (Continuous infusion), SEP (Sedation end point) NRS
(Numerical Rating Scale),VAS (Visual Analogue Score), NSD (No Significant Difference), OOAS (Observer's assessment of alertness/sedation scale), RSS (Ramsay

Sedation Score), SAE (Significant adverse event)
* Double blinded randomised trial study design with two arms
** Double blinded cross over randomised trial study design
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When interpreting the results in Table 3 it should be noted that all studies had
similar, strict inclusion criteria with all patients allocated as American Society of
Anesthesiologists (ASA) physical classification status | or I, fit and healthy, with no
severe hepatic or renal impairment, not pregnant, no pre-existing sleep apnoea, no

asthma, no diabetes mellitus and no clinical history or ECG evidence of heart block.

Patient and clinician satisfaction

In three out of five studies patients significantly preferred sedation with
dexmedetomidine. This was evaluated post operatively, with the method of
evaluation presented in Table 3. Consistently patients felt more relaxed and less
anxious in the post operative recovery period after dexmedetomidine. Three out of
five studies assessed clinician satisfaction, with one study finding a significant result
with clinicians preferring dexmedetomidine for their operating conditions.?® Other

studies had no significant difference.

In two out of the five studies a lower score was achieved on the observer’s
assessment of alertness / sedation scale (OOAS) indicating ‘deeper sedation’ with
dexmedetomidine. In one study the OOAS was significantly lower between 2.0 and
3.0 for dexmedetomidine, compared to a 3.0 average score for midazolam.® Similar
results were found in the Fan et al.® study with a minimum OOAS of 2.53, and a
corresponding BIS of 69.9 in the dexmedetomidine group compared to a minimums
OOAs of 3.1 and a corresponding BIS of 76.4 in the midazolam group. Providing the
patient can maintain verbal contact and consciousness during the sedation
dexmedetomidine may have advantages particularly with more unpleasant

procedures if patients are more relaxed. The other three studies found no significant
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difference in the assessment of sedation, although in one of these studies the
maximum dose of midazolam given was 5 mg?’, and this is unlikely to be a high
enough dose of midazolam for all patients for good sedation given that the average
dose of midazolam in conscious sedation is 7 mg. The Ramsay Sedation Score
(RSS) used in three papers for assessment of sedation was criticised in other papers
due to the difficulty in being able to use this scale with patients undergoing oral

surgery procedures and is more suited to the intensive care setting.

In the three studies that assessed amnesia, midazolam was associated with
significantly more amnesia post operatively. Although amnesia may be a desired
characteristic for some unpleasant procedures, for patients with dental anxiety the
amnesia can be counterproductive when they have coped well with treatment and
would like them to be able to recall some of the positives to aid them with their
anxiety. In addition, some patients find the memory loss unpleasant.
Dexmedetomidine appears to be able to help with this patient group. Patients
experienced less post op delirium in the Wang et al.*® study which is also seen in the
intensive care setting, and this may be contributing to the increased patient

satisfaction post operatively where patients seem more relaxed and less agitated.

Four studies reviewed analgesia, with only one study finding a significant result with
reduced post operative pain in the first few hours with dexmedetomidine but this was

unchanged on the day postsurgery.®

Safety Profile

Consistent changes in blood pressure and heart rate were seen across all five

studies with significant decreases in mean arterial pressure and heart rate for

17



dexmedetomidine groups, with two episodes of bradycardia in Mishra et al.?®
Dexmedetomidine did not show any advantages over midazolam in terms of oxygen
saturation or respiratory depression, as is consistent with more recent studies on the
effects of dexmedetomidine on respiratory depression.’® In one study six patients
required supplemental oxygen with dexmedetomidine in comparison to four patients
requiring supplemental oxygen with midazolam.?’ Across all studies there were no
significant adverse events which is perhaps not surprising given the cohort of
patients included in the studies. Across all trials three patients experienced

paradoxical reactions with midazolam which is not seen with dexmedetomidine.

Dexmedetomidine administration varies in the literature and clinical guidelines, but
all suggested administrations in the context of procedural sedation for dentistry
recommend an initial bolus infusion over approximately ten minutes, followed by a
maintenance infusion, with some of the maintenance infusions adjusted to the
patient response. All doses are weight dependent, with examples of infusions used
in trials given below:

e |Initial 1.0 ug / kg over a ten minute period, surgery commencing, followed by
maintenance infusion at 0.5 ug / kg per hour, with the infusion stopping at the
time of suturing commencing.

e Initial 1.0 pg / kg of dexmedetomidine over a ten minute period, followed by a
maintenance infusion at 0.2 - 0.7 ug / kg per hour until the end of surgery.!®
The paper does not specify how the maintenance dose was chosen.

¢ Initial infusion of 0.1 pg /k g per minute until adequate sedation was achieved
(determined by the operator), followed by a maintenance infusion of 0.2 pg /

kg per hour.®

18



Having reviewed the studies, it appears consistently that the faster the initial bolus

dose is given the greater the dose-dependent cardiovascular effects.

Dexmedetomidine is specifically mentioned in both the United States and South
African dental / procedural sedation guidelines. There is no specific guidance
regarding its use in the United States but it is recognised as an available drug to use
for dental procedural sedation. In South Africa use of the drug is categorised as an
advanced sedation technique, in comparison to midazolam which is categorised as a
basic technique. In addition, the drug should only be used by those with ‘formal
training in anaesthesia or intensive care medicine, or by experienced sedation
practitioners with anaesthetic experience.’” The recommended dosing regimen in the
South African guidance is 1 ug / kg over a ten minute period, decreased to 0.5 ug /
kg over a ten minute for those aged over 65 years followed by a maintenance
infusion of 0.6 pug / kg per hour titrated to a clinical effect with a normal range of 0.2
Mg / kg per hour. The guidance also recognises that dexmedetomidine is being used

increasingly for nasal and buccal administration in children.3!

Paediatric Dentistry

Paediatric patients present different issues to adult patients in relation to sedation.
They are highly likely to be needle phobic, uncooperative and can deteriorate quickly
compared to adult patients. Although dexmedetomidine undergoes extensive first
pass metabolism and can’t be used successfully orally, it crosses mucous

membranes well and intranasal preparations can be very useful in paediatrics.
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In paediatric general anaesthesia day case for dental extractions dexmedetomidine
used intranasally is the premedication of choice at Guys’ and St Thomas’ NHS
Foundation Trust. Anecdotally it is associated with a reduced recovery time post
general anaesthetic compared to midazolam used as a premedication. A study
comparing premedication with oral midazolam to premedication with oral
dexmedetomidine evaluated the Ramsay sedation scale, parental separation anxiety
scale, mask acceptance scale and the paediatric anaesthesia emergence delirium
scale. Both drugs were comparable in terms of sedation and anxiolysis. There was a
significant decrease in heart rate in the dexmedetomidine group from baseline for the
duration of the operation.®? In addition there was a significant decrease in post
anaesthesia emergence delirium with dexmedetomidine, which on a busy dental
paediatric list could aid recovery turnover if children are more settled. Similar results
were seen in a similar paediatric dentistry trial comparing intranasal
dexmedetomidine with oral midazolam with a significant reduction in post general

anaesthesia emergence delirium.

Conclusions — How useful for dentistry in the UK?

Although now a generic drug, a prohibitive factor is likely to be cost with
dexmedetomidine being 23 times the cost of midazolam and 6 times the cost of
propofol. Cost effectiveness would need to be proven. In dentistry, intravenous
dexmedetomidine seems to be associated with improved patient satisfaction and
patients that are more relaxed during treatment. Its analgesic properties could
potentially be useful, although this was not seen in the randomised control trials. The
lack of amnesia and more relaxed state of patients post procedure would be useful

for some patient cohorts. In addition, paradoxical reactions are not seen as they are
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with midazolam and may be useful for patients with a history of substance use.
Dexmedetomidine can be useful for both short and longer cases, given that generally
the recovery is similar to midazolam and the infusion can be maintained for the
length of the procedure. The results from trials suggest it would be advantageous in
more unpleasant, longer procedures such as implant surgery or sinus lifts. Although,
some literature suggests that this drug could be used in patients with sleep apnoea
or respiratory disease this is not supported by more recent studies. Newer evidence
does not support that this drug causes less respiratory depression than other

sedative agents.

Given the cardiovascular changes seen, careful patient selection is required with
avoidance of patients who have pre-existing bradycardias who could go into cardiac
arrest in rare cases and those with heart block. In addition, ECG monitoring is
recommended and this is likely to be the largest prohibitive factor to use of the drug
in dentistry because any monitoring requires interpretation and action which is out of
the skill set of most dentists. As recommended in the South African guidance, the
drug should only be used with a dedicated sedationist and they recommend use only
in the hospital setting. It is highly likely in the UK if dexmedetomidine were to
become a recognised drug in UK sedation guidance that it would fall into the
‘advanced technique’ category, and therefore require a separate sedationist. As
such, the training requirements and the problems in gaining a mentor for supervised
cases with advanced techniques would be similar for dexmedetomidine as they are

with propofol.
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The drug is clearly useful in the paediatric premedication setting as an intranasal
preparation and an area of research that may be interesting to explore would be

intranasal dexmedetomidine compared to intranasal midazolam in adults.

Overall, the limitations of being unable to use this as an operator sedation technique
and the potential significant cardiovascular changes mean that dexmedetomidine is
unlikely to ever become a drug of choice for intravenous conscious sedation in

dentistry.

STATEMENT
This essay was submitted as part of the assessment for the award of a diploma in
conscious sedation at Kings College London. It has not been published. It is entirely

my own work.
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